Humans perceive a wide range of temporal patterns, including those rhythms that occur in music, speech, and movement; however, there are constraints on the rhythmic patterns that we can represent. Past research has shown that sequences in which sounds occur regularly at non-metrical locations in a repeating beat period (non-integer ratio subdivisions of the beat, e.g. sounds at 430 ms in a 1000 ms beat) are represented less accurately than sequences with metrical relationships, where events occur at even subdivisions of the beat (integer ratios, e.g. sounds at 500 ms in a 1000 ms beat). Why do non-integer ratio rhythms present cognitive challenges? An emerging theory is that non-integer ratio sequences are represented incorrectly, ''regularized'' in the direction of the nearest metrical pattern, and the present study sought evidence of such perceptual regularization toward integer ratio relationships. Participants listened to metrical and non-metrical rhythmic auditory sequences during electroencephalogram recording, and sounds were pseudorandomly omitted from the stimulus sequence. Cortical responses to these omissions (omission elicited potentials; OEPs) were used to estimate the timing of expectations for omitted sounds in integer ratio and non-integer ratio locations. OEP amplitude and onset latency measures indicated that expectations for non-integer ratio sequences are distorted toward the nearest metrical location in the rhythmic period. These top-down effects demonstrate metrical regularization in a purely perceptual context, and provide support for dynamical accounts of rhythm perception.
Introduction
Since at least the 19th-century, it has been observed that when listening to repeating sounds, listeners tend to impose top-down structure onto the rhythmic experience:
In every case of rhythmical perception we group the isolated sensations of sound into a more or less complex system of ideas that are temporally arranged. (Meumann, 1894; translated in Ruckmich, 1913) What is the structural form of this ''complex system of ideas''? More recent research suggests that the mental representation of repeating sounds can be described as a metrical hierarchy (Deutsch, 1986; Fraisse, 1982; Lerdahl & Jackendoff, 1983; Povel, 1981; Povel & Essens, 1985) . A metrical hierarchy typically consists of repeating intervals of equal duration, which are further subdivided into equal intervals. This critical notion of nested metrical levels has implications for the kinds of rhythmic structures that humans are able to effectively represent. Specifically, ''metrical'' rhythms in which sounds occur at equally-spaced subdivisions of a repeating cycle (e.g. at 0 and 400 ms within a repeating 1200 ms cycle; 33% interval) have strong perceptual advantages compared to rhythms with unevenly-spaced sounds (e.g., at 0 and 516 ms within a repeating 1200 ms cycle), which we will call ''non-metrical''. Given that we demonstrate preferential treatment of metrical patterns, the present study was conducted to determine how the brain represents non-metrical rhythms characterized by sounds occurring at time points that are not spaced evenly between beats.
Evidence abounds that metrical patterns are represented more accurately than non-metrical patterns. People are better at remembering (Deutsch, 1986; Palmer & Krumhansl, 1990) , reproducing (Povel & Essens, 1985) , synchronizing with (Patel, Iverson, Chen, & Repp, 2005) , and detecting changes in (Grube & Griffiths, 2009; Jones & Yee, 1997; Large & Jones, 1999) sequences with sound events that occur at equal subdivisions of a repeating time period (also called integer ratio relationships or harmonics; e.g., 1:2 or 1:3), as opposed to unequal subdivisions (non-integer ratio relationships, e.g., 1:2.7). People are also better at making perceptual judgments about individual acoustic events when they are in the context of metrically organized rhythms (Jones, Moynihan, MacKenzie, & Puente, 2002) , and metrical stress patterns in speech facilitate higher-order semantic processing (Rothermich, Schmidt-Kassow, & Kotz, 2012) .
